LwywuwnwOh Qhwnngnibitph Uggquyhl Ugwnbdhuw <wjwumwbh YEtuwpwliwlywh <wOnbu
HauuoHaAabHas AKkaaemus Hayk ApmeHuu BuoAoruueckuu XypHaa ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

*Onpdwpwpulwl b nkvwlwh hnnjushkp *IKkcnepumenmanvHisle u meopemuiecKue Cimamovue
*Experimental and theoretical articless

Biolog. Journal of Armenia, 3 (66), 2014

STUDY OF MOLECULAR DYNAMICS OF LAMELLAR PHASE
OF AMPHIPHILE/WATER SYSTEMS

A.H. POGHOSYAN

The International Scientific-Educational Center of NAS of Armenia,
poghosyan@gmail.com

The lamellar phase of amphiphile/water system was investigated by using atomic scale
simulation. A 300 ns parallel molecular dynamics (MD) simulation was carried out for amphi-
phile/water system consisting of 128 sodium pentadecyl sulfonate (SPDS) and 2251 water
molecules using GROMACS software package. At T=323K temperature we got both tilted fully
interdigitated and liquid crystalline like disordered hydrocarbon chains, i.e. we observe a gel phase
that coexists with a lamellar L, phase.

Molecular dynamics (MD) simulations — alkyl sulfonates
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ITpyr moMoIIM KOMIBIOTEPHOTO MOJEIUPOBAHMS Ha aTOMapHOM YpOBHE ObLIa HCCIENO-
BaHa JlamensapHas (asa cucremsl aMmpumIbHOE BemecTBo/Boaa. belta npoBeeHa napamiens-
Hasi MoJeKyJspHO-nuHaMudeckas (MJ) cumynsnus pnurenbHocThio 300 HC JUIS CHCTEMBI,
cocrosimeit u3 128 monexyn nenragennn cyiabponarta Hatpust (IIJICH) u 2251 monexyist Bo-
IIbI, ¢ ucnoip3oBanueM nporpammuoro makera GROMACS. Ilpu temnepatype T=323K MbI
MOJYYMIIN KaK HAaKJIOHEHHBIE TIOTHOCTHIO B3aUMOIPOHHUKAIOIINE, TaK U KHUIKO-KPHUCTAIIHIEC-
KM€ HEYNOPsAA0UICHHBIE YTIEBOIOPOIHbIE IEMH, TO €CTh HAOII0AAI0Ch COCYIECTBOBAHUE Tellb
U namenspHou L, das.

Monexynsapro-ounamuueckas (M) cumynsyus — ankun cynivgponam

Amphiphilic molecules, which consist of a polar headgroups and alkyl tails, in water
solution, can generate self-organized lyotropic liquid crystalline structures composed of
bimolecular layers of fluid amphiphile molecules separated by water layers. This kind of
bilayers has been studied for many years as simplified models for phospholipid membranes
[1-2], as well as they have been widely intensively used in drug delivery [3-5]. Experimental
methods, such as X-ray diffraction and neutron scattering have been mainly used to reveal
the structures and features of bilayers [1, 6].

Recently, with the increase of hardware power, the atomic-level computer simulations
have been used as an additional method to study such systems [7].
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A MOLECULAR DYNAMICS STUDY OF LAMELLAR PHASE OF AMPHIPHILE/WATER SYSTEMS

The aim of this paper was the detailed study of the lamellar phase of ionic sodium
pentadecyl sulfonate (SPDS)/water systems by means of molecular dynamics simulation.
The determination of structural parameters (interlayer spacing and area per molecule) has
been also done with comparison to experimental findings.

Materials and methods. A sodium pentadecyl sulfonate (C15H31SO3Na) molecule was
used, which was extracted from our previous simulation [8]. We build a system with 128 SPDS
and 2251 water molecules using our own code and GROMACS [9] modules. After final construc-
tion, the energy of the system was minimized using steepest descent method (5000 steps). The for-
ce field parameters for SPDS molecule were in detail discussed in [8]. The SPC models were used
[10] for water molecules and the chemical bonds were maintained using with LINCS constrain al-
gorithm [11]. The temperature was set to 323 K and was maintained using V-rescale algorithm. An
isotropic normal pressure (1 atm) was maintained by the Berendsen coupling algorithm [12]. The
PME [13] was used for long-range electrostatic interactions, and the van der Walls interactions
were truncated at 1.2 nm. The equations of motion are integrated using leapfrog Verlet integrator
with timestep of 2 fs.

The 128SPDS/2251 water system was subjected to a 300 ns simulation in NPT ensemble
using GROMACS software package. The parallel MD simulation was performed on ArmGrid sites
(http://www.grid.am).

Results and Discussion. The important characteristics of the system, such as the
interlayer spacing and the area per molecule are determined and are shown in fig. 1 and 2.

As one can see from both curves, at the beginning of simulation run, we track the va-
riation of interlayer spacing and area per molecules, which is probably due to the reorien-
tation of disordered hydrocarbon chains. However, at the end of simulation, we track an
equilibrium of system and as a result we receive ~ 6,3+0,2 nm and ~0.32 nm? for interlayer
spacing and area per molecule, respectively.
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Figure 1. The interlayer spacing Figure 2. The area per molecule
depending on simulation time. depending on simulation time.

Note that the obtained finding on interlayer spacing and area per molecule are in
agreement with our X-ray diffraction data [14].

To visualize the structural changes in detail, we also provide the snapshot of
SPDS/water systems at the end of simulation run. In Figure 3 the cross-sectional view
perpendicular to the bilayer plane is shown at 300 ns point.

We see that the packing is an interdigitated gel phase, i.e. an ordered state with a tilt
angle, as clearly seen by the snapshots. This phase is generally known as gel phase. Thus,
the inspection of trajectories and snapshots reveals the fully interpenetration of the SPDS
alkyl chains located on opposite sides of the bilayer (fully interdigitated gel state),
however, together with ordering, the disordered domains called “clusterized regions™[15]
are also found.
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Figure 3. The cross-sectional view perpendicular to the bilayer plane.
The counterions and water hydrogens have been omitted for clarity.

Hence, we assume the formation of the gel phase, which coexists with a lamellar L,

phase. This kind of phases, on the other hand can be treated as a metastable gel phase with
some fraction of disordered domains, which are also observed in phospholipid membranes
[16]. Thus, the analysis of parameters and the snapshots implies either the formation of a
coexistence between fully interdigitated and randomly phases or the presence of metastable
gel phases.
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